###### Strengths and limitations of this study

-   This systematic review will contribute to the evidence regarding the effectiveness of omega-3 polyunsaturated fatty acids (PUFAs) on cognitive function and mood in healthy adults.

-   The search strategy encompasses seven databases to comprehensively examine the available psychological and medical literature.

-   Inclusion of numerous types of study designs will enhance the generalisability of the findings.

-   Unlike previous systematic reviews, this study will include only healthy participants and exclude clinical or vulnerable groups.

-   The review will examine the impact of omega-3 PUFAs on both cognitive function and mood, both of which affect daily functioning and quality of life.

Introduction {#s1}
============

Consumption of omega-3 long-chain polyunsaturated fatty acids (PUFAs), from oily fish, has been associated with a number of health benefits involving multiple bodily systems.[@R1] Omega-3 PUFAs are highly concentrated in the brain and there is evidence of a link between omega-3 PUFA consumption and brain health and brain function.

Omega-3 PUFAs are purported to exert their beneficial effects in numerous ways. Studies have demonstrated that omega-3 PUFAs play a role in multiple aspects of brain physiology and biological activity, for example,Membrane fluidity. Omega-3 PUFAs 'flexible' chemical structure increases the fluidity of neuronal membranes.[@R2]Synaptic function. Related to their structural role in neuronal membranes, omega-3 PUFAs interact directly with membrane bound proteins such as enzymes, ion channels and transporters, and glucose transporters thus influencing signal transduction and synaptic activity.[@R4]Inflammation. Omega-3 PUFAs are precursors to anti-inflammatory eicosanoids and induce the synthesis of resolvins and neuroprotectins.[@R6]Cerebral blood flow. Omega-3 PUFAs have well established effects on endothelial function and therefore may impact cerebral blood flow.[@R8]Neurotrophic effects. Omega-3 PUFAs slow the degradation of neural tissue. They exert potent anti-apoptotic effects and help to maintain healthy axons and synaptic structures.[@R9]

Through these and other mechanisms, it is hypothesised that omega-3 PUFA concentrations may influence cognition and mood.[@R11]

Although mechanistic and epidemiological evidence has provided support for the role of omega-3 PUFAs in enhancing brain function, their effect on human cognitive performance and mood remains unclear. While many studies have demonstrated beneficial effects of omega-3-PUFAs on mood or cognitive function, almost as many studies have been negative.[@R12] These conflicting results could be attributed to sample heterogeneity, methodological inconsistencies or differences between interventions.

Previous systematic reviews have tended to focus on clinical groups, ageing populations and included participants with cognitive impairment or mood disorders.[@R14] Past systematic reviews have also tended to focus exclusively on randomised controlled trials (RCTs).[@R14] While RCTs are generally considered the gold standard in establishing efficacy of interventions, they have very tightly controlled procedures and inclusion criteria, meaning that their results can lack external validity.[@R26] Moreover, RCTs tend to be short term (\<6 months) and focus largely on supplements (as opposed to whole foods).

Importance of clarifying the impact of omega-3 PUFAs on cognitive function and mood {#s1a}
-----------------------------------------------------------------------------------

The pertinence of clarifying the effects of omega-3 PUFAs on brain health is underlined by findings that omega-3 PUFA consumption is low or very low in both developed and developing countries worldwide.[@R27] Modern western diets are notably deficient in omega-3 PUFAs.[@R28]

Brain disorders (mental and neurologic) were estimated to cost €798 billion in Europe in 2010.[@R29] It is predicted that over 100 million people worldwide will develop dementia by 2050.[@R30] Almost 30% of people report experiencing a common mental disorder in their lifetime.[@R31] Given that both cognitive and mood dysfunction have a profound impact on functional outcomes and quality of life, lifestyle modifications that may mitigate the risk of developing these disorders are of the utmost importance.

A better understanding of the role of these nutritional molecules in normal brain function, is therefore of great interest. The aim of this systematic review is to assess the effectiveness of omega-3 PUFA consumption on cognitive function and mood in healthy adults.

Methods and analysis {#s2}
====================

Protocol details {#s2a}
----------------

The protocol was registered with the International Prospective Register of Systematic Reviews on 8 October 2018 (<https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=80800>). It is reported in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) Protocols.[@R32]

Eligibility criteria {#s2b}
--------------------

### Types of studies {#s2b1}

Prospective cohort studies, RCTs, controlled clinical trials (CCTs), controlled before and after studies (CBAs), interrupted time series (ITS) studies with a clearly defined point time when the intervention occurred and at least three data points before and three data points after the intervention. See online [supplementary appendix 1](#SP1){ref-type="supplementary-material"} for description of the eligible study types.
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### Participants {#s2b2}

Our population of interest is healthy participants over the age of 18 years. We will exclude trials that recruit from specific clinical populations (eg, participants with dementia or depression).

### Omega-3 PUFA exposures and interventions {#s2b3}

Observational cohort studies will be eligible for inclusion if they assess omega-3 PUFA status in one of the following ways.Measuring omega-3 PUFA levels biologically (eg, plasma or erythrocyte levels).Calculating omega-3-PUFA levels from dietary reports.Calculating the average number of servings of fish per week.Calculating the average number of servings of oily fish per week.

We will include intervention studies that administer long-chain omega-3 PUFAs. The long-chain omega-3 PUFA intervention can be made up by any combination of the following types of omega-3 PUFAs: eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and docosapentaenoic acid. This may be administered as fish oils, oil capsules, addition of oily fish to diet or as any other alternative omega-3 PUFA dietary intake intervention. Interventions must be a minimum 3 months in duration (this duration was chosen because although supplementation rapidly increases plasma levels of omega-3 PUFAs, kinetic studies have shown that it takes 4--6 months after the start of DHA supplementation to reach new steady state tissue concentrations[@R34]).

### Outcome measures {#s2b4}

Cognitive function and mood are the two primary outcomes of interest. Both outcomes synergistically and separately affect daily functioning and quality of life and therefore were deemed of equal importance.

Studies will be eligible for inclusion if they measure changes in cognitive function or the risk of developing cognitive impairment or dementia using validated cognitive tests (eg, the Mini Mental State Exam[@R35] or the Wechsler Memory Scales[@R36]). Cognition may be quantified using a 'global cognitive function' score, or by measurement of discrete cognitive abilities such as memory or attention.

Likewise, studies will be eligible for inclusion if they measure changes in mood or the risk of developing a mood disorder using validated scales or tests (eg, the Hospital Anxiety and Depression Scale[@R37] or Beck's Depression Inventory[@R38]).

A secondary outcome of interest are adverse events.

Search strategy for the identification of relevant studies {#s2c}
----------------------------------------------------------

A search will be conducted in collaboration with academic librarians on the following electronic databases: Cochrane Library, MEDLINE, EMBASE, PsycINFO, Cumulative Index to Nursing and Allied Health Literature, Web of Science and Scopus. The search strategy will include terms relating to or describing the exposure or intervention (intake of omega-3 PUFAs) and outcomes of interest (cognitive function and mood). Search terms will include 'omega three fatty acid', 'fish oil', 'eicosapentaenoic acid', 'docosahexaenoic acid', 'cognition', 'memory', 'dementia', 'neuropsychological test', 'mood', 'mental health' and 'depression'. Search strategies will be altered to suit each specific database. Current search strategies are outlined in online [supplementary appendix 2](#SP2){ref-type="supplementary-material"}.
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Further searches will involve journal hand searches, searching reference lists of studies which meet inclusion criteria, identification of grey literature (eg, via online resources such as [www.openthesis.org](www.openthesis.org) and [www.opengrey.eu](www.opengrey.eu)).

We will only include studies published in the last 20 years, since 1998. This cut-off was selected because it was after this period that the benefits of omega-3-PUFAs for human health became widely appreciated and researched.[@R39] There will be no restrictions based on language. Searches will be saved to EndNote X7 to create a master file of all references.

Screening of the studies {#s2d}
------------------------

Duplicates will be identified and removed using EndNote X7's 'find duplicates' function. Initially, titles and abstracts of identified studies will be reviewed by one reviewer (FOD) to determine potential eligibility. Full texts of potentially eligible studies will be obtained and reviewed by two independent researchers (FOD and SC). Any disagreements or disparities will be resolved by discussion, with reference to a third reviewer when necessary.

Data extraction {#s2e}
---------------

One reviewer (FOD) will extract data using a tailored data extraction form and the information extracted with include information related to: (a) study citation, (b) details of intervention, (c) participants, (d) setting, (e) study design and (f) primary and secondary outcomes.

If a study presents missing, unclear, or incompletely reported data, we will attempt to contact the study authors to obtain the data. The extent of missing data will be documented in the extraction form.

Risk of bias {#s2f}
------------

Two review authors (FOD and SC) will independently assess the risk of bias of each included study.

Bias in cohort and non-randomised studies will be evaluated using the ROBINS-I tool. Each study will be evaluated against the seven domains of bias signalled by the ROBINS-I, arriving at an overall bias judgement. We will resolve disagreements by consensus or a third review author (AS or FB) will be asked to resolve disagreements if necessary.

Similarly, RCTs will be evaluated against the criteria described in the Cochrane risk of bias tool. We will explicitly judge each of these criteria using: low risk of bias, high risk of bias or unclear risk of bias (either lack of information or uncertainty over the potential for bias). Again, disagreements will be resolved by discussion and consultation with a third review author (AS or FB) if necessary.

Risk of bias will be assessed at the study level. No studies will be excluded as a result of the risk of bias assessments.

Data synthesis {#s2g}
--------------

Randomised and observational studies will be reported separately. Where appropriate, a meta-analysis will be conducted using Cochrane Review Manager software[@R40] or Stata V.15.[@R41]

For continuous variables, standardised mean differences (SMD) will be estimated. Each distinct cognitive or mood domain outcome will be evaluated separately (eg, attention distinct from memory, depression distinct from anxiety). SMD is calculated by finding the mean difference (change scores) of the continuous variables of interest (eg, attention, memory) between the intervention and control groups at the end of the study and dividing it by the pooled SD. SMD is a no-unit measure of effect size that allows for comparison of intervention effects across studies where the outcomes have been measured on different scales. Conventionally, SMD values of 0.2, 0.5 and 0.8 are taken as small, medium and large effect sizes, respectively.[@R42] Dichotomous outcomes, if any, will be presented as risk ratios or OR with 95% CIs. Studies will be pooled together and analysed using a random-effects model to obtain the summary effect estimate, 95% CI and p value. Studies using binary and continuous outcomes will be analysed separately.

### Assessment of heterogeneity {#s2g1}

Heterogeneity between studies will be explored through visual inspection of the forest plots and using the I*^2^* statistic. We will interpret an I*^2^* value of 0% is an indication of no observed inconsistency/heterogeneity, 30%--60% as may represent moderate heterogeneity, 50%--90% as may represent substantial heterogeneity and 75%--100% considerable heterogeneity.[@R43] Reasons behind any substantial (≥50%) heterogeneity will be explored by performing subgroup and sensitivity analyses as described below.[@R44]

### Dealing with incomplete information {#s2g2}

Where required study data are incomplete or clarifications are needed, authors will be contacted. Following contacting authors, if data are still missing, estimation of SDs will be done by borrowing SDs from other studies included in this meta-analysis.[@R45]

### Assessment of publication bias {#s2g3}

If 10 or more trials are included in the meta-analysis, a funnel plot and Egger's test will be used to assess publication bias.[@R46]

### Analysis of subgroups or subsets {#s2g4}

If sufficient data are available from the included studies, the following subgroup analyses will be conducted:The duration of the intervention (3--6 months vs 6 months+).Food studies and supplement studies.Different outcome measures (eg, Montreal Cognitive Assessment vs Mini Mental State Exam).The formulation of the intervention (ie, quantity of DHA and EPA, quality of supplement).Males and females.[Apolipoprotein E](https://en.wikipedia.org/wiki/Apolipoprotein_E) 4 (APOE4) carriers and non-carriers.Older adults and younger adults (\<65 vs ≥65 years).

### Sensitivity analysis {#s2g5}

The following sensitivity analyses will be conducted:Excluding high risk of bias studies, as classified under 'risk of bias' assessment.Excluding outcomes with imputed values.

Should a meta-analysis be not suitable, a tabulation and narrative summary of populations, interventions and outcomes will be completed.

Summary of findings table and quality assessment {#s2h}
------------------------------------------------

Key outcomes will be presented in a 'Summary of findings' table.

Presenting and reporting of results {#s2i}
-----------------------------------

Results will be reported in line with the PRISMA statement.[@R47]

Public and patient involvement {#s2j}
------------------------------

Patients and the public were not involved in the development and design of this study.

Ethics and dissemination {#s3}
========================

This systematic review will collect secondary data only and therefore does not require formal ethical approval. Findings will be disseminated through peer reviewed publications, conference presentations and the popular press.

Conclusion {#s4}
==========

This systematic review will provide an overview of high quality literature that has examined the role of omega-3 PUFAs in cognitive function and mood in healthy adults. By including prospective cohort studies, RCTs, CCTs, CBAs and ITSs this review can incorporate diverse settings, participants, exposures and delivery of interventions, enabling a richer understanding of the relationship between omega-3-PUFAs, cognitive function and mood.

Further, where sufficient data are available, we will conduct a meta-analysis. This will generate useful information regarding the expected effect size associated with an increase in omega-3 PUFA intake. Overall, this review will complement the evidence base on the brain health benefits of omega-3 PUFAs.
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